The results obtained from two radiological methods of determining total lung capacity (TLC) (Kovach's parabo-oid and Barnhard's ellipsoid) were compared with those obtained with the body plethysmograph. Determinations of TLC were made in four groups of subjects: group 1 consisted of 26 miners most of whom had simple pneumoconiosis; group 2 consisted of 12 normal subjects; group 3 consisted of eight subjects who had a variety of chest disease, but with no demonstrable parenchymal or pleural opacification; and group 4 consisted of 19 subjects with misce!laneous diseases, all showing demonstrable infiltration or opacification.
The first attempt to measure the residual volume (RV) of the lungs was made by Davy in 1799, and described in 1839. With one exception, the methods introduced since then all require expensive equipment and most are technically difficult. These remarks are particularly applicable to the three most widely used methods at the present time, viz., closed circuit helium equilibration, the open circuit nitrogen washout and the body plethysmograph. There have been several claims that total lung capacity (TLC) can be ascertained with a reasonable degree of accuracy from a chest film, a method that has much to offer by virtue of its simplicity and inexpensiveness.
The first attempt to determine lung volumes from a chest radiograph was made by Hurtado and Fray (1933) . These workers combined planimetry with external measurements of chest size.
Refinements of this technique were introduced by other workers (Aslett, Hart, and McMichael, 1939) , though none was entirely satisfactory since all involved the use of rather arbitrary correction factors. Kovach, Avedian, Morales, and Poulos (1956) suggested that 'the whole thoracic cage be treated as a paraboloid of revolution' and they derived a method of determining the TLC from a single postero-anterior (PA) film taken at full inspiration. Later, Barnhard, Pierce, Joyce, and Bates (1960) introduced another technique which utilized both PA and lateral films and in which the lungs were considered as a series of elliptical cylindroids. Since it seems fairly well accepted that Kovach's and Barnhard's methods are to be preferred to those of earlier workers, we decided to conduct a study to determine the accuracy of their methods and to compare the results obtained with them to those obtained by standard techniques in the hope that, should one of the radiological methods prove to be satisfactory, then it could be used in epidemiological studies.
MATERIALS AND METHODS
Four groups of subjects were included in the study:
1. twenty-six coal miners, of whom 24 had definite simple pneumoconiosis, while the films of the remaining 2 were read as suspicious (Z in ILO classification) (1959); -Determination of lung volumes from chest films the chest films. Included in this group were subjects with inactive tuberculosis, progressive massive fibrosis, etc. The extent of the infiltrate present in the lung fields was graded from 1 to 5. If an area equivalent to one-fifth of one lung was opaque, this was graded as 1; if the infiltration or opacification was extensive enough to fill two-fifths of a lung field, this was graded 2; and so on so that if the infiltrate or opacification completely filled one lung field, this was graded 5.
The degree of obstructive and restrictive impairment present in the miners and other patients was assessed according to the criteria of Gaensler and Wright (1966) .
Four methods were used in the determination of lung volumes:
1. by means of a body plethysmograph using the technique of DuBois, Botelho, Bedell, Marshall, and Comroe (1956) ; 2. by nitrogen washout as described by Darling, Cournand, and Richards (1940);  3. radiographically by means of: (a) the paraboloidal method of Kovach et al. (1956) ;
This requires a standing PA chest film taken at maximal inspiration.
Kovach and his colleagues chose to regard the thoracic cage as if it were a paraboloid of revolution with the vertex at the centre of a horizontal line joining the highest points of the inner borders of the first ribs and the base on the horizontal line joining the costophrenic angles. Its volume could therefore be expressed as a b2, with a being the distance between the vertex and the base, and b being half the length of the base. Appropriate subtractions were made for the right and left diaphragmatic domes, the heart, the vertebral bodies, the lung parenchyma, and pulmonary blood. The exact details of the formulae used to derive the volumes of each of the above can be found in the original paper. (b) the ellipsoidal method of Barnhard et al. (1960) .
This requires both PA and lateral chest films taken at full inspiration in the standard fashion. To compensate for the divergence of the x-ray beam, all linear measurements are reduced by 0o%. Barnhard and his colleagues (1960) divided the thorax into a series of ellipses by means of horizontal sections. They expressed the area of each ellipse 4 w e, w being the width of the chest in the plane of section, and e its depth. Were the chest film to be divided into an infinitely large number of thin elliptical cross-sections, the volume could be obtained readily by integration. Practical considerations, however, make it necessary to limit the number of sections used. Calculations were made on the assumption that each section is an elliptical cylindroid.
For the purpose of this study, the chest was divided into five sections by six horizontal lines drawn on tracing paper placed over the PA film (Fig. 1) . The lines were drawn as follows:
(i) below the inner borders of the highest ribs, (ii) about 2 5 cm. below i, (iii) about 2-5 cm. below ii, (iv) midway between iii and v.
(v) at the upper border of t'he higher diaphragmatic segment, (vi) between the lower limit of the costophrenic angles.
(iii --iii) .Ci)
,iv)-
Cv) Fegments and r3 the length of line vi over the lateral film.
The heart was considered as a whole ellipsoid with a volume of -di d2 d3. The line di on the PA film was the greatest possible distance from the junction of the superior venous pedicle with the right atrium to the left heart border, usually as it meets the diaphragm. The line d2 was drawn perpendicular to d1 in such a position that it reflects the greatest distance between the right and left cardiac borders. On the lateral film and parallel to d1, d3 was the greatest distance between the anterior and posterior borders of the heart. phragmatic segment, (iii) 6 di d2 d3, the volume of the heart, (iv) 130 ml., the volume of the lung parenchyma, and (v) Vp ml., the volume of the blood in the lungs. The volume remaining after the necessary subtractions represents the total lung capacity.
When it became apparent that certain methods were less reliable, we saw little point in persisting, and therefore abandoned them. In many instances, suitable chest films and the necessary determinations of lung capacity were available for inclusion in the study, although at the time the films were taken and the measurements made, it was not realized that they were going to be used for this purpose. (Fig. 2) . On the other hand, when the values obtained by Kovach' s method were compared with those obtained with the body plethysmograph, it can be seen there was often a marked disparity (Fig. 3) in subjects with obstructive airway disease (Nicklaus, Watanabe, Mitchell, and Renzetti, 1967) . We therefore decided that there was little point in persisting with this method since our investigations are concerned with subjects who are predominantly coal miners and who frequently have concomitant chronic bronchitis and emphysema.
When group 2 (normals) is considered, again it is apparent that there is a fairly close relationship between the TLC as measured by Barnhard's method and that obtained from the body plethysmograph (Fig. 4) . A similar situation exists group.bmj.com on October 19, 2017 -Published by http://thorax.bmj.com/ Downloaded from zero. None of the groups showed differences of significant magnitude. Although these results point to the general comparability of the two methods, it must be pointed out that the variability associated with the differences is appreciably larger in the subjects in group 4 than in any other group. This ranged from a low of 0-275 in the group of normals to a high of 1 064 in the group with chest disease with pulmonary infiltration (Table II) (Table II) . It should be mentioned at this point that a recent study (Reger and Jacobs, 1970) indicated that a single determination on a set of films using Barnhard's method will result in a relative error of between 5 and 60°. The above-mentioned study was carried out using a randomly selected set of films without regard to the presence of pulmonary opacification or other lung pathology. 
